Cell patterning on glass and polymeric substrates provisional patent 
Introduction: 

Polymeric and glass surfaces in their native structures have been used as cellular growth 
substrates for decades. Differing techniques have been utilized to adjust the surface chemistry of 
these materials to make them more attractive for cell adhesion including: adsorption of cell 
adhesion molecules, sulfonisation of the mateiial^^, co-polymer blends of extracellular matrix 
protein fragments such as RGD", and chemical oxidation (using solution chemistry) of the 
surface for further chemical modification (using solution chemistry)^ such as silanes^"* or thiols^^. 

In addition to adjusting the surface of these substrates to render them more attractive for 
cellular adhesion, techniques have been developed to render the surfaces repulsive for cellular 
adhesion. The most utilized molecule for cell repulsion is poly(ethylene glycol) (PEG), PEG can 
be attached to polymeric and glass substrates in many ways. This can include, but is not limited 
to: chemically activating the substrate to react with a poly(ethylene imide)-PEG molecule^, 
aminating an activated surface and reacting it with bifimctional electrophilic molecules such as 
PEG-epoxide ^»^'i7.i8,n,i6^ ^^^^ PEG-styrene co-polymer blends^'^. 

The techniques mentioned so far will lead to homo-monolayers, containing one of the cell 
attractive or cell repulsive moieties. A combination of the above technologies can logically lead 
to the creation of hetero-monolayers. When the positioning of these cell adhesive and cell 
repulsive cues can be controlled to a high degree, cells can become patterned on the substrate of 
choice. Cell patterning has been achieved on glass and metalized glass substrates utili2dng 
silanes*'* and thiols'^ respectively. These methods are successful in selective localization of cells 
using a multi-step, equipment intensive process, and/or irreproducible techniques such as deep 
ultraviolet ablation of molecules and/or printing by mechanical stamping. 
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In contrast, the present invention provides a novel, affordable, facile, equipment 
insensitive, reproducible technique of achieving cell patterning on a durable substrate such as 
glass and plastic. 

The present invention can utilize several novel combinations of surface oxidation by 
oxygen plasma followed by the application of a "stencil" with no feature size restraint and/or 
formation of a reactive monolayer of organosilane, followed by vapor deposition or solution 
deposition of any silane or surface reactive cell repulsive or cell attractive moiety around the 
"stencil", which can be further modified by a backfill with an opposing chemistry utilizing either 
vapor deposition or solution chemistry. This combination of methods is novel and has many 
advantages over conventional patterning techniques (see figure 4 for one possible combination of 
these techniques). 

Background: 

Oxygen plasma can be achieved with oxygen radio firequency glow discharge. This 
discharge is accomplished with an instrument that can produce charged particles (electrons and 
positive ions) that interact with the background gas, (oxygen) to produce firee radicals under the 
time-varying electric field in radio firequency. The sample is placed into a cylindrical reactor, a 
ixununal amount of oxygen gas is introduced, and charged particles are evolved between parallel- 
plated electrodes resulting in the cleavage of the O2 bond. After this cleavage, high-energy firee 
radicals can insert themselves into the polymer backbone resulting in the formation of various 
oxygen moieties, among them are hydroxyl groups. The samples are removed and then reacted 
with silanes to form the desired self assembling monolayer (SAM).^'^^ 



The chemistry of organosilanes is utilized in this invention to produce surfaces with the 
reactive moiety of choice. In a preferred emhodiment, aminosilaaes are used, Organosilanes fall 
into a larger class of molecules, which have the capability of forming self-assembled (SA) films. 
The general fonn of this molecule is RnSiXi^, where n = 1,2, or 3 and X = CI, OCH3, or OC2H5. 
Polymer or glass, can be oxidized so that they present surface hydroxyl groups, organosilanes 
react with hydroxyl groups to produce covalent Si-O-substrate (siloxane) linkages^ 

The chemistry of 2,2,2-trifluoroethanesulfonyl chloride (tresyl chloride), can be used to 
convert hydroxyl, amine, or thiol groups into good leaving groups that, on reaction with 
nucleophiles, tresyl chloride will allow stable linkages to be formed between the nucleophile and 
the initial hydroxyl, amine, or thiol group carrying carbon. In a preferred embodiment, PEG5000 
is attached to a tresyl group for reaction with surface aminosilane groups. The desired effect is 
also achievable with surface hydroxyl groups, (which would eliminate any silanizing steps).^** 

How this invention differs from present technology 

In the patterning method of the present invention, using a "stencil" (mechanical or physical 
mask, not a printing method) is more advantageous compared to deep UV photolithography, 
because the materials required to produce the stencil can be made of affordable poly(dimethyl) 
siloxane (PDMS) or a low energy UV photocurable polymer for instance, as opposed to a costly 
high energy laser apparatus required for photolithography^'^. The present methods are 
reproducible when compared to contact printing, because the stencil can be applied to the same 
spot on each substrate with great accuracy, and there is less opportunity for operator error. There 
is operator dependence when contact printing due to the subjectivity of applying the stamp to the 
substrate (force by which the stamp is depressed, amount of solution on the stamp) and so the 
results will vaiy*^ The present method of using a stencil for masking while performing solution 



or vapor phase deposition of the cytophobic chemistry is operator independent, thxis allowing for 
a scalable and manufacturable process. 

Vapor deposition of the silane or reactive moiety has many benefits. The stencil does not 
need to make a "solvent tight" seal with the polystyrene to perform its function, and the vapor 
will not "wick" tmder a mask as a solvent would. Also, one can use a wider range of silanes 
because a solvent is not needed. Many silane solvents would dissolve the polymeric substrate 
and destroy its optical quality. The present method circumvents the use of solvents altogether. 

The present invention is not constrained to one particxilar kind of substrate. The tethering 
chemistry of the primary monolayer, or the organosilane is such that it reacts with surface 
hydroxyl groups. These hydroxyl groups can be introduced on the surface of virtually any 
plastic and glass by low temperature plasma treatment. The secondary tethering chemistry, 
tresyl chemistry, can react with surface amines, hydroxyl, and thiols making it possible to attach 
to a wider array of surface chemistry. The instantly disclosed method of cell patterning has a 
marked advantage over prior thiol chemistry. Previous technology of contact printing with thiols 
not only introduces operator error, but also requires a thin layer of gold to be evaporated on the 
tissue culture substrate. Due to the high temperature involved with gold evaporation, most 
plastics are ruled out. Optical quality is constrained and fluorescence intensity is lowered due to 
the added layer of gold. In addition to a lower optical quality, there is a high cost associated with 
gold coating. The methods of the present invention pemiit cell patterning on an optically clear 
substrate and give the added option of control over the substrate so that one has the freedom to 
choose the most superior affordable plastic or glass for optical quality. 

The vise of a plastic such as polystyrene has benefits over glass, ceramics and metals because 
of its affordability, flexibility of shape and size, ease of engineering, durability, and control over 



its optical quality. Polystyrene is easily obtained at a minimal cost, it can be molded into almost 
any shape conceivable, and it is dtirable. All of these benefits make the disclosed method of 
micro-patterning on glass and plastics affordable, facile, and accurate. 

A particular embodiment of the present invention yielding results includes cell patterning on 
glass and polystyrene using the same simplistic method (see figure 4). Oxygen plasma is used to 
activate the surface in the case of polystyrene (see figure 2), and acid washing to activate the 
surface in the case of glass. Both surfaces can be further incubated with a mildly acidic alcoholic 
solution of aminosilane (see figure lb) featuring a primary amine on the terminating end of the 
tethered molecule. Following silanizing, a stencil is applied to the substrates. An aqueous 
solution of tresyl PEG (see fig la) is applied to the substrates around the stencil resulting in 
regions of exposed amine, and regions of PEG in carefully controlled proximity to one another 
(see fig 3). After surface modification, the surface can be primed with a cell adhesive protein to 
speed the cell adhesion process^^. 

Materials and Methods: 

Reagents and instrumentation that can be utilized in a carrying out the methods of the 
invention include, but are not limited to. Coming 60 and 35 mm petri dishes cat # 25010, and cat 
# 25000, VWR micro cover glasses cat # 48368040, Herrick scientific plasma cleaner/sterilizer 
model PDC-32G, Kurt J Lesker Co. digital convection gauge, 
trimethoxysilylpropyldiethylenetriamine United Chemical Technologies cat # 35141-30-1, and 
2,2,2-trifluoroethanesylphonyl-poly(ethylene)5ooo glycol Shearwater Polymers cat # M-TRES- 
5000. 



Poly(styrene) substrates are oxygen plasma treated inside a plasma cleaner using the 
following method. Substrates are placed inside the glass tube chamber and the chamber is 
evacuated to a pressure of '-200mton: as indicated by a convection gauge. Oxygen is pulsed in 
through a regulation valve and the chamber is evacuated again to a pressure of -200mtorr. The 
above oxygen pulse is repeated 2 more times. After the last oxygen pulse, the gas is allowed to 
bleed constantly into the chamber, and the final equilibrium pressure (with the oxygen bleed 
valve on and the vacuum pump activated) should be -SOOmtorr. After the proper pressure is 
reached, the voltage switch is turned up to HI (lOOW) and the substrates are treated for 25 min. 

Glass surfaces are activated using the following method. Prepare a IM KOH solution in 
double DI water. Incubate glass surfaces for 10 min in IM KOH. After 10 min rinse substrates 
3X in double DI water. Soak coverslips in HClrMeOH (1 :1) for 30 min. After the incubation, 
rinse covCTslips in double DI water. Transfer the coverslips into a concentrated bath of sulfiiric 
acid for 30 min, rinse 3x with double DI water. Boil in distilled water for 15 min. Blow the 
surfaces diy with a nitrogen gun, 

Aminosilane treatment is the same for both glass and polystyrene. Prepare a 1% solution of 
trimethoxysilylpropyldiethylenetriamine in mildly acidified methanol (94% methanol, 5% water, 
and 0.004% glacial acetic acid). Incubate with substrates for 15 min. Following silanizing, rinse 
the substrates with methanol and bake in a 80C oven for 30 min. 

Apply PDMS stencil to the aminated glass or polystyrene (this embodiment includes but is 
not limited to 200 micron and 500 micron spots). Apply pressure imtil PDMS makes a tight seal. 

Tresyl-PEG treatment is the same for glass and polystyrene. After stencil application, 
prepare a 0.1 2M sodium bicarbonate solution in water. This will be used as the solvent for the 
tresyl-PEG. Prepare a 19% solution of tresyl-PEG (by weight) in the bicarbonate. Apply the 



solution to the stencil and allow the solution to pool around flie PDMS resulting in the liquid 
touching only exposed aminated surface areas. Allow substrates to incubate for 4 hours. 

Following PEG treatment, the surfaces are rinsed with the 0.1 2M sodium bicaibonate 
solution. After rinsing, the substrates can be coated with fibronectin at a concentration of 
25ug/mL PBS. The substrates are allowed to incubate for 2 hours and rinsed under a stream of 
PBS. 

Cells are plated on these substrates after rinsing at a seeding density of 7000cells/cm^. 

Results: 3T3 cells plated on substrates, fixed, permeabilized and stained with a fitc-F-actin stain, 
images at 2.5x 
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Discussion and Conclusions: 

The present invention provides novel methods for patterning cells on glass and 
polystyrene substrates. Cell adhesive cues can be defined by the use of a stencil, which 
has no size constraints. Cell repulsive cues, which also can be dejBned by the stencil, are 
tethered to a self- assembled monolayer of an aminosilane. The entire system is coated 
with a cell adhesive protein and seeded with cells resulting in a micropattemed array of 
cells. The benign nature of the chemistry employed makes it attractive for biological 
applications, allows the array on any thermoplastic and thermoset of choice including, but 
not limited to poly(styrene), PDMS, poly(carbonate), poly(vinyl) chloride, 
poly(ethylene), poly(ethylene) terapthalate. Teflon, and FEP. The present methods also 
have the ease and flexibility to be applied to polystyrene and glass substrates using the 
same method. 
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